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(57) ABSTRACT

The amount of Tuel supplied to a fuel cell 1s set to a second set
value Qm2 smaller than a first set value Qml determined
based on a load. Then, an output current Iicr of the fuel cell
with the fuel supply amount set to the second set value Qm?2
1s detected. The output current Ifcr 1s compared with a refer-
ence value Iref for determining mild deterioration to deter-
mine whether the fuel cell has deteriorated from the compari-
son result. IT a determination that the fuel cell has deteriorated
1s made, the fuel supply amount is reset to a third set value
Qm3 larger than the second set value Qm?2.

11 Claims, 7 Drawing Sheets
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FUEL CELL SYSTEM AND CONTROL
METHOD THEREFOR

RELATED APPLICATIONS

This application 1s the U.S. National Phase under 35 U.S.C.
§371 of International Application No. PCT/JP2011/000342,
filed on Jan. 24, 2011, which 1n turn claims the benefit of
Japanese Application No. 2010-072823, filed on Mar 26,
2010 the disclosures of which Application are incorporated
by reference herein.

TECHNICAL FIELD

This invention relates to a fuel cell system, and particularly
to a technique for heightening the efficiency of a fuel cell
system.

BACKGROUND ART

Recently, electronic devices are rapidly becoming portable
and cordless. Such portable electronic devices usually
include secondary batteries as the power source for driving
the devices. There 1s thus demand for development of sec-
ondary batteries which are small and light-weight and have
high energy density.

However, 1n order for secondary batteries to be used as the
power source for driving portable and other devices, the sec-
ondary batteries need to be charged. While they are being
charged, the devices cannot be carried for use. As such, fuel
cells are attracting attention because they can be continuously
used as the power source for a long time 11 only they get
retueled.

Fuel cells typically have a stack of unit cells (cell stack).
Each unit cell includes a membrane electrode assembly
(MEA) comprising an anode, a cathode, and an electrolyte
membrane interposed therebetween. The cell stack 1s com-
posed of a plurality of MEAs stacked with conductive sepa-
rators iterposed therebetween. Both ends of the cell stack in
the stacking direction are fitted with end plates. A fuel 1s
supplied to the anode of each unit cell, while an oxidant 1s
supplied to the cathode.

Among fuel cells, direct methanol fuel cells (DMFCs) 1n
particular are under active development. DMFCs use metha-
nol, which 1s 1n liqud form at room temperature, as the fuel.
Theretfore, compared with fuel cells that use, for example,
hydrogen, which 1s 1n gaseous form at room temperature and
normal pressure, as the fuel, DMFCs can easily reduce the
s1ize and weight of their fuel supply system. Therefore, by
using a DMFC as a power source, 1t 1s possible to realize a
portable device with good transportability. Also, the fuel can
be easily resupplied.

However, DMFCs require time to stabilize the oxidation
reduction reaction, which makes 1t difficult to promptly adjust
the amount of power generation in response to load varia-
tions. Therefore, 1n a power supply apparatus using a DMFC,
it 1s desirable to respond to load vanations by operating the

tuel cell at the point at which the largest power can be gen-
erated and storing surplus electrical output in a storage bat-
tery.

From such a viewpoint, a fuel cell system has been pro-
posed 1n which the voltage and current of a fuel cell are
constantly measured and the fuel cell 1s operated at the output
voltage and output current at which the largest output can be

obtained (e.g., see PIL 1).
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CITATION LIST

Patent Literature

PTL 1: Japanese Laid-Open Patent Publication No. 2004-
152741

SUMMARY OF INVENTION
Technical Problem

However, 1n order to allow a fuel cell to produce the largest
output, 1t 1s necessary to make the output voltage of the fuel
cell lower than the largest output voltage (see FIG. 7). In this
case, the output current increases and, as a result, the anode
overvoltage and the cathode overvoltage increase. Therelore,
the overvoltage loss of the fuel cell increases, and the power
generation efliciency lowers.

On the other hand, 11 the output voltage 1s heightened to
reduce the overvoltage loss, the output lowers sharply when
the fuel cell deteriorates (see FIG. 8). Therefore, 1n this case,
the fuel cell cannot be stably operated for a long period of
time.

It 1s therefore an object of the mvention to heighten the
eificiency of a fuel cell and stabilize long-term power supply
by determining the degree of deterioration of the fuel cell
appropriately and setting the operating conditions according
to the determined degree of deterioration.

Solution to Problem

An aspect of the mvention 1s directed to a method for
controlling a fuel cell system including: a fuel cell having an
anode and a cathode; a fuel supply unit for supplying a fuel to
the anode; an oxidant supply unit for supplying an oxidant to
the cathode; and a current sensor for detecting an output
current of the fuel cell. The control method 1includes the steps
of:

(a) setting the amount of Tuel supplied to the fuel cell by the
tuel supply unit to a second set value Qm2 smaller than a first
set value Qm1 determined based on a load;

(b) detecting an output current Ifcr of the fuel cell with the
tuel supply amount set to the second set value Qm2;

(¢) comparing the output current Iicr with a reference value
Iref for determining mild deterioration to determine whether
the fuel cell has deteriorated; and

(d) 1n the case of determining that the fuel cell has deterio-
rated, resetting the fuel supply amount to a third set value
Qm3 larger than the second set value Qm?2.

Another aspect of the invention 1s directed to a fuel cell
system including: a fuel cell having an anode and a cathode;
a fuel supply unit for supplying a fuel to the anode; an oxidant
supply unit for supplying an oxidant to the cathode; a fuel
controller for controlling the fuel supply unit; an oxidant
controller for controlling the oxidant supply unit; a voltage
controller for controlling an output voltage of the fuel cell; a
current sensor for detecting an output current of the fuel cell,
and a storage unit for storing (1) the relation between the
amount of fuel supplied and a load and (11) a reference current
value Iref indicating deterioration of the fuel cell. The fuel
controller 1s configured to set, based on the above relation (1),
the fuel supply amount to a first set value Qml determined
based on the load. The voltage controller 1s configured to set
the output voltage of the fuel cell to: a voltage Vicl at which
the amount Wic of power generated by the fuel cell becomes
greatest with the fuel supply amount set to the first set value
Qml; and then a voltage Vic2 higher than the voltage Vicl by
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a first predetermined rate Prl. The current sensor 1s config-
ured to detect: an output current Iicl of the fuel cell with the
output voltage set to the voltage Vicl; and an output current
I1c2 of the fuel cell with the output voltage set to the voltage
Vic2. The tuel controller 1s configured to: based on the ratio
between Iic1 and Iic2, set the fuel supply amount to a second
set value Qm2 smaller than the first set value Qm1; compare
an output current Ifcr of the fuel cell detected by the current
sensor with the tuel supply amount set to the second set value
Qm2, with a reference value Iref; based on the comparison
result, determine whether the fuel cell has deteriorated; and in
the case of determining that the fuel cell has deteriorated, set
the fuel supply amount to a third set value Qm3 larger than the
second set value Qm?2.

Advantageous Effects of Invention

According to the mvention, 1t 1s possible to heighten the
cificiency of a fuel cell and stabilize long-term power supply.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a block diagram schematically showing the struc-
ture of a fuel cell system according to one embodiment of the
invention;

FI1G. 2 1s a partially enlarged sectional view schematically
showing the structure of a fuel cell used 1n the fuel cell
system.

FIG. 3 1s a flow chart of a process performed by a control
unit;

FIG. 4 1s a flow chart of another process performed by the
control unait;

FIG. 35 1s a flow chart of a process performed by a control
unit 1n a modified embodiment;

FI1G. 6 1s a flow chart of another process performed by the
control unit 1n the modified embodiment

FI1G. 7 1s a graph showing the voltage-current characteris-
tics of a fuel cell and the relation between the amount of
power generated and current;

FIG. 8 1s a graph showing a change in voltage-current
characteristics due to deterioration of the tuel cell; and

FIG. 9 1s a graph showing a change 1n voltage-current
characteristics of a deteriorated fuel cell when the fuel supply
amount 1s increased.

DESCRIPTION OF EMBODIMENTS

In the method for controlling a fuel cell system according
to the 1nvention, when the degree of deterioration of the fuel

cell 1s small and sufficient power can be generated from a
relatively small amount of fuel supply, the fuel supply amount
1s set to a relatively small value. Thus, the amount of tuel
consumed by the fuel cell can be reduced.

On the other hand, 1f the fuel cell has deteriorated mildly
and sufficient power cannot be generated from a relatively
small amount of fuel supply, the fuel supply amount 1s
increased to generate necessary power. Thus, even after the
tuel cell has deteriorated mildly, the fuel cell can be operated
to generate suilicient power.

That 1s, the method for controlling a fuel cell system
according to the mvention includes: a fuel cell having an
anode and a cathode; a fuel supply unit for supplying a fuel to
the anode; an oxidant supply unit for supplying an oxidant to
the cathode; and a current sensor for detecting an output
current of the fuel cell. This method 1includes the steps of:
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4

(a) setting the amount of Tuel supplied to the tuel cell by the
tuel supply unit to a second set value Qm2 smaller than a first
set value Qm1 determined based on a load,;

(b) detecting an output current Ifcr of the fuel cell with the
tuel supply amount set to the second set value Qm2;

(¢) comparing the output current Iicr with a reference value
Iref for determining mild deterioration to determine whether
the fuel cell has deteriorated; and

(d) 1n the case of determining that the fuel cell has deterio-
rated, resetting the fuel supply amount to a third set value
Qm3 larger than the second set value Qm?2.

If a determination that the fuel cell has deteriorated 1s not
made 1n the step (¢), the operation 1s continued with the fuel
supply amount unchanged from Qm?2.

The first set value (Qm1 as used herein 1s a usual amount of
tuel supplied when the fuel cell 1s operated at the output
voltage and output current at which the amount of power
generated becomes greatest. Conventional fuel cells are usu-
ally operated at the first set value Qm1 throughout the period
from the deterioration-iree initial state to immediately before
deterioration. Contrary to this, the second set value (Qm2 1s
the amount of fuel supplied, characteristics of the invention,
which 1s set to operate a deterioration-iree fuel cell 1 the
initial state at an output voltage and an output current to
improve power generation etficiency, preferably, to maximize
power generation elliciency.

The reference value Iref for mild deterioration determina-
tion 1s a reference value of output current for determining
whether the fuel cell has deteriorated mildly. As used herein,
mild deterioration refers to such a degree of deterioration that
suificient power cannot be supplied to the load 11 the fuel
supply amount remains unchanged from the second set value
Qm2, but sulficient power can be supplied to the load i1 the
fuel supply amount together with the output voltage and
output current 1s adjusted suitably.

The third set value Qm3 refers to the fuel supply amount
larger than the second set value Qm2 so that suilicient power
can be supplied to the load by adjusting the output voltage and
output current suitably.

In an embodiment of the invention, the step (a) includes the
steps of:

(e) setting the fuel supply amount to the first set value Qm1;

(1) with the fuel supply amount set to the first set value
Qml, setting the output voltage of the fuel cell to a voltage
Vicl at which the amount of power generated by, for
example, the fuel cell 1n the 1nitial state becomes greatest;

(g) detecting an output current Ifc1 of the fuel cell when the
output voltage of the fuel cell 1s the voltage Vicl;

(h) setting the output voltage of the fuel cell to a voltage
Vic2 higher than the voltage Vicl by a first predetermined
rate Prl;

(1) detecting an output current Ifc2 of the fuel cell when the
output voltage of the fuel cell 1s the voltage Vic2; and

(1) determining the second set value Qm2 based on the ratio
between the output current Iicl and the output current Iic2.

The second set value Qm2 can be set so that Qm2/Qml=a
(Ifc2/Iicl) where “a” 1s a positive number. The second set
value Qm2 1s usually set so that Qm2/Qml=Iic2/Iic1.

According to this configuration, when the degree of dete-
rioration of the tuel cell 1s small, the fuel cell 1s operated at the
voltage Vic2 higher than the output voltage Vicl at which the
amount of power generated becomes greatest, and the fuel
supply amount 1s set based on variation of the output current
caused by the operation of the voltage. By heightening the
output voltage of the tuel cell, the output current decreases, so
that the power generation efficiency 1s heightened. Therefore,
by selecting the voltage Vic2 suitably, the fuel cell can be
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operated at the fuel supply amount Qm2 smaller than the tuel
supply amount Qm1 determined according to the load with-
out decreasing the amount of power generation so much.
That 1s, when the degree of deterioration of the fuel cell 1s
small, the output voltage and output current are set to the point
at which the power generation efliciency 1s heightened, not to

the point at which the amount of power generation becomes
greatest. This can heighten the efficiency of the fuel cell
system.

In another embodiment of the invention, the step (d)
includes the steps of:

(k) increasing the fuel supply amount by a predetermined
amount AQ);

(1) with the tuel supply amount increased by the predeter-
mined amount AQ, setting the output voltage of the fuel cell
to a voltage V1c3 at which the amount Wic of power gener-
ated by the fuel cell becomes greatest;

(m) detecting an output current Ifc3 of the fuel cell when
the output voltage of the fuel cell 1s the voltage Vic3; and

(n) comparing an amount Wic3 of power generated by the
tuel cell, which 1s determined from the results of the steps (1)
and (m), with an amount Wm of power required by the load.
When Wic3 has reached Wm, the fuel supply amount is
maintained. When Wic3 has not reached Wm, the steps (k) to
(n) are repeated within a range of the tuel supply amount not
exceeding an upper limit value Qmx. Even when the tuel
supply amount has reached the upper limit value Qmx, 1f
Wi1c3 has not reached Wm, the operation of the fuel cell can
be stopped. Alternatively, the operation of the fuel cell can be
continued at the fuel supply amount Qmx unless deterioration
1s detected i1n the determination of severe deterioration
described below.

According to this configuration, when the fuel cell has
deteriorated mildly, the output voltage and output current are
set so that the fuel cell 1s operated at the point at which the
amount of power generation becomes greatest, not at the
point for high efficiency. And, the fuel supply amount 1s
increased by such a mimmimum as to compensate for the
decrease 1n the amount of power generation caused by the
deterioration of the fuel cell. By this, even after the fuel cell
has deteriorated mildly, it 1s possible to supply power to the
load stably while suppressing the amount of fuel consumed
by the fuel cell.

In still another aspect of the invention, the step (o) of
comparing the voltage Vic3 with a reference value Vret for
determining severe deterioration 1s further performed. Even
when the fuel supply amount has reached the upper limit
value Qmx, 1f Vic3 does not exceed Vret, the supply of fuel by
the fuel supply unit and the supply of oxidant by the oxidant
supply unit are stopped.

According to this configuration, even when the fuel cell 1s
operated at the point at which the amount of power generation
becomes greatest, 1f the output voltage does not exceed the
reference value due to serious deterioration of the fuel cell,
the supply of fuel and oxidant 1s stopped. Thus, when the
deterioration of the fuel cell becomes serious, the operation
thereot can be stopped.

In still another embodiment of the invention, instead of the
step (0), the step (p) of comparing the amount Wic3 of power
generation with a minimum amount Wmin (Wmin<Wm) of
power necessary for the operation of the fuel cell system 1s
turther performed. When the fuel supply amount has reached
the upper limit value Qmx, 11 Wic3 has reached Wmin, the
tuel supply amount 1s maintained at the upper limit value
Even when the fuel supply amount has reached the

Qmx. .

upper limit value Qmx, if Wic3 has not reached Wmin, the
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6

supply of fuel by the fuel supply umit and the supply of
oxidant by the oxidant supply unit are stopped.

According to this configuration, if the amount of power
generated by the tuel cell 1s greater than the minimum power
necessary for the fuel cell system, 1.¢., the power supplied to
the auxiliary devices necessary for the operation of the fuel
cell system, the power generation can be continued. Thus,
even when the deterioration of the fuel cell 1s serious, the
supply of power to the storage battery or load can be main-
tained.

The first predetermined rate Prl can be set to, for example,
510 30%. Since the characteristics of the fuel cells 1 vary from
cell to cell, 1f Prl 1s set to less than 5%, the efiect of height-
enming the efficiency may not be obtained. However, 1if Prl
exceeds 30%, the eflect of heightening the efficiency 1is
heightened, but the amount Wic of power generation
decreases too much. As aresult, the amount of power required
by the load 11 may not be supplied.

The reference value Iref for determining mild deterioration
can be set to a value which 1s, for example, 3 to 20% smaller
than the current Ifc2 or current Ifcr which was measured in
advance by using a not-deteriorating fuel cell 1n the 1nitial
state. In consideration of the variations 1n the characteristics
of the fuel cells 1 and the variations 1n the performance of
auxiliary devices necessary for the operation of the fuel cell
system, 1 the difference therebetween 1s less than 3%, a
wrong determination that the fuel cell has deteriorated may be
made. However, 1 the difference therebetween exceeds 20%,
severe deterioration 1s included, which 1s not mild deteriora-
tion.

Methanol can be used as the fuel, since the invention 1s
particularly suited for direct methanol fuel cells (DMFCs)
which use methanol as the fuel. However, the invention 1s also
applicable to the so-called solid polymer electrolyte fuel cells
using hydrogen as the fuel, reformed methanol fuel cells, etc.

The first set value Qm1 can be set based on the net amount
of fuel stoichiometrically necessary according to the load, the
amount ol methanol crossover (MCQO), and the amount of fuel
discharged from the fuel cell without reacting. If the fuel
supply amount 1s excessive, the amount of MCO and the
amount of unreacted discharged tfuel increase, so the effi-
ciency lowers. On the other hand, 11 the fuel supply amount 1s
insuificient, necessary power cannot be generated. Therelore,
it 1s preferable to set the first set value Qm1 to a minimum
supply amount 1n consideration of the magnitude of the load,
MCO, and unreacted discharged fuel. Further, in the mven-
tion, the step of 1ssuing a warning that mild or serious dete-
rioration has been detected can be performed.

Referring to drawings, embodiments of the invention are
heremnafter described, taking a direct methanol fuel cell
(DMEFC) as an example. The invention 1s not to be construed
as being limited to the following embodiments.
(Embodiment 1)

FIG. 1 1s a block diagram schematically showing the struc-
ture of a fuel cell system according to Embodiment 1 of the
invention. FIG. 2 1s a partially enlarged sectional view sche-
matically showing the structure of a tuel cell used 1n the fuel
cell system.

A tuel cell system illustrated 1n FIG. 1 includes: a fuel cell
1; a fuel tank 4 for storing a fuel (1in the case of the apparatus
illustrated therein, methanol); a fuel pump (FP) 5 for supply-
ing a mixture (aqueous methanol solution) of the fuel fromthe
tuel tank 4 and water from a collection unit (gas-liquid sepa-
ration unit) 10 to the fuel cell 1; an oxidant pump (AP) 6 for
supplying an oxidant (in the case of the apparatus illustrated
therein, oxygen 1n air) to the fuel cell 1; and the collection unit
10 for separating unreacted fuel and water from the effluent
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from the fuel cell 1 and supplying them to the pump 5. The
tuel cell 1 has a positive terminal 2 and a negative terminal 3.

The fuel cell system further includes: a control unit 7
equipped with an arithmetic unit 7A, a determination unit 7B,
and memory 7C; a power storage unit 8 for storing electrical
output of the tuel cell 1; a DC/DC converter 9 for converting
the voltage of the electrical output of the fuel cell 1 and
transmitting it to the power storage unit 8 and the load 11; a
current sensor (CS) 12 for detecting output current of the fuel
cell 1; and a voltage sensor (VS) 13 for detecting output
voltage of the DC/DC converter 9. The signal detected by the
current sensor 12 and the signal detected by the voltage sensor
13 are inputted into the control unit 7. The current sensor 12
can be connected to, for example, wiring connecting the
external positive terminal 2 and the DC/DC converter 9, 1n
such a manner that the current sensor 12 and the DC/DC
converter 9 are connected 1n series. When a non-contact cur-
rent sensor 1S used as the current sensor 12, the sensor can be
disposed, for example, near the wiring connecting the exter-
nal positive terminal 2 and the DC/DC converter 9.

The control umt 7 controls the DC/DC converter 9 to con-
trol the voltage outputted to the load 11 and the charge/
discharge of the power storage unit 8, while it controls the fuel
pump 5 and the oxidant pump 6 to control the amounts of fuel
and oxidant supplied to the fuel cell 1. The control unit 7 can
be composed of a CPU (Central Processing Unit), a micro
computer, an MPU (Micro Processing Unit: micro proces-
sOr), main memory, auxiliary memory, etc.

The memory 7C (e.g., nonvolatile memory) for the control
unit 7 stores data on the voltage-current characteristics of the
tuel cell 1 according to the amount of fuel supplied and data
on the greatest amount of power generated by the fuel cell 1
according to the amount of fuel supplied, which are described
below (see FI1G. 7).

The control method of the DC/DC converter 9 1s preferably
the PWM (Pulse Width Modulation) control method 1n which
the output voltage 1s adjusted by modulating the pulse width
(duty ratio) while keeping the switching pulse frequency
constant, because it provides a small ripple voltage and a
quick response. Thus, in the fuel cell system illustrated
therein, the DC/DC converter 9 1s a PWM control method
DC/DC converter, more specifically, a boost converter.

Referring now to FIG. 2, the fuel cell 1s described. The fuel
cell 1 includes at least one cell (unit cell). FIG. 2 1llustrates the
structure of a unit cell.

A unit cell 1A has a membrane electrode assembly (MEA)
24 where power 1s generated. It should be noted that a fuel cell
1s typically composed of a plurality of stacked MEAs 24 and
that the MEAs 24 are stacked with separators 25 and 26
interposed therebetween. Both ends of the stack of the MEASs
24 (cell stack) in the stacking direction are fitted with an
anode-side end plate and a cathode-side end plate, not shown,
respectively.

Each MEA 24 includes an anode (electrode) 21, a cathode
(electrode) 22, and an electrolyte membrane 23 interposed
between the anode 21 and the cathode 22.

The anode 21 includes an anode diffusion layer 21a, an
anode microporous layer (MPL) 215, and an anode catalyst
layer 21¢. The anode catalyst layer 21c¢ 1s laminated on the
clectrolyte membrane 23, the anode MPL 215 1s laminated
thereon, and the anode diffusion layer 21a 1s laminated
thereon. The separator 25 1s 1n contact with the anode diffu-
sion layer 21a.

Likewise, the cathode 22 includes a cathode diffusion layer
224, a cathode microporous layer (IMPL) 225, and a cathode
catalyst layer 22¢. The cathode catalyst layer 22¢ 1s laminated
on the electrolyte membrane 23, the cathode MPL 225 1s

10

15

20

25

30

35

40

45

50

55

60

65

8

laminated thereon, and the cathode diffusion layer 22a 1is
laminated thereon. The separator 26 1s in contact with the
cathode diffusion layer 22a.

The anode diffusion layer 21a and the cathode diffusion
layer 22a can be formed of carbon paper, carbon felt, carbon
cloth, etc. The anode MPL 215 and the cathode MPL 225 can
be composed of polytetrafluoroethylene or tetratfluoroethyl-
ene-hexafluoropropylene copolymer, and carbon.

The anode catalyst layer 21¢ and the cathode catalyst layer
21c include a catalyst suitable for the electrode reaction, such
as platinum or ruthenium. The catalyst 1s supported on a
carbonaceous material by pulverizing the catalyst and highly
dispersing the resulting fine particles on the surface of the
carbonaceous material. The carbon with the catalyst sup-
ported thereon 1s bound by a binder to form the anode catalyst
layer 21c¢ and the cathode catalyst layer 21c.

The electrolyte membrane 23 can be an 1on-exchange
membrane which allows hydrogen 1ons to pass through, and
can be composed of, for example, a perfluorosulifonic acid-
tetratluoroethylene copolymer.

The separators 25 and 26 can be formed of a conductive
material, such as a carbon material. The face of the separator
25 1n contact with the anode 21 1s provided with a fuel tlow
channel 254 for supplying a fuel to the anode 21. The face of
the separator 26 1n contact with the cathode 22 1s provided
with an oxidant flow channel 264 for supplying an oxidant to
the cathode 22. Each of the tlow channels 25q and 264 can be
formed, for example, by making a groove 1n the above-men-
tioned face.

An aqueous solution contaiming methanol as the fuel 1s
supplied to the anode 21, while air containing oxygen as the
oxidant1s supplied to the cathode 22. The methanol and steam
derived from the aqueous methanol solution supplied to the
anode 21 are diffused throughout the anode microporous
layer 215 by the anode diffusion layer 21a. Further, they pass
through the anode microporous layer 215 and reach the anode
catalyst layer 21¢. Likewise, the oxygen contained in the air
supphed to the cathode 22 1s diffused throughout the cathode
microporous layer 226 by the cathode diffusion layer 22a.
Further, 1t passes through the cathode microporous layer 225
and reaches the cathode catalyst layer 21c.

Also, 1n fuel cells, 1t 1s common to use oXygen 1n the air as
the oxidant. This oxidant 1s also supplied to the cathode of
cach unit cell according the amount of power generation.

The reactions at the anode and cathode of a DMFC are
shown by the following reaction formulas (1) and (2), respec-
tively.

Anode: CH,OH+H,0—CO,+6H"+6¢" (1)

Cathode: (3/2)0O5+6H"+6e™—3H-,0 (2)

As shown by the above reaction formulas (1) and (2),
carbon dioxide as a reaction product and an aqueous solution
of unreacted methanol as the remaining fuel are discharged
from the anode 21, while water (steam) as a reaction product
and nitrogen and unreacted oxygen 1n the air are discharged
from the cathode 22.

Of the fuel supplied to the anode 21 of the fuel cell 1,
surplus fuel 1s transported as the aqueous methanol solution
to the fuel pump S from the collection unit 10 without being
consumed 1n the fuel cell 1. Carbon dioxide generated at the
anode of the fuel cell 1 1s also transported to the collection
unit 10, separated from the aqueous methanol solution 1n the
collection umit 10, and discharged to outside.

Meanwhile, the air containing oxygen as the oxidant 1s
pressurized by the oxidant pump 6, and transported to the

cathode of the fuel cell 1. At the cathode of the fuel cell 1,
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water 1s produced (see the above reaction formula (2)). Of the
air supplied to the fuel cell 1, surplus air 1s mixed with the
produced water, and transported as a gas-liquid mixture to the
collection unit 10. The air transported to the collection unit 10
1s separated from the water, and discharged to outside.

As described above, the concentration of the aqueous
methanol solution as the fuel can be adjusted by circulating,
the liquid components such as the water discharged from the
tuel cell 1 by using the collection unit 10. As a result, 1t 1s
possible to realize a system which does not need to be sup-
plied with water from outside. It 1s also possible to realize a
system which does not need to discard water as the reaction
product to outside. It 1s thus possible to realize a maintenance-
free system which requires no maintenance over a long period
of time. It 1s therefore possible to further improve the trans-
portability and portability of the fuel cell system.

Referring now to FIG. 3 and FIG. 4, the operation of the
tuel cell system based on the control of the control unit 1s
described. FIG. 3 and FIG. 4 are tflow charts of the processes
performed by the control unit 7. The processes of FIG. 3 and
FIG. 4 are started by starting up the fuel cell system.

First, whether or not deterioration of the fuel cell 1 has been
detected by the determination of step S112, described below,
1s determined (step S101). Since the determination result 1s
“No” at first, the fuel supply amount Qm 1s set so that the fuel
1s supplied to the anode at a set value (Qm1 which has been
determined in advance based on the load. Also, the oxidant
supply amount Qa 1s set to a set value Qal for oxidant supply
amount according to the set value Qml (step S102). It 1s
desirable to determine the set value Qm1 so that the amount of
power generated by the fuel cell 1 1n the mitial state 1n high
eificiency power generation mode, described below, 1s equal
to or greater than the amount of power required by the load 11.

Next, the output voltage Vout of the DC/DC converter 9 1s
detected by the voltage sensor 13 (step S103). Then, the duty
ratio of the DC/DC converter 9 for making the output voltage
Vic of the tuel cell 1 the voltage Vicl 1s calculated, (step
S5104). As used herein, the voltage Vicl 1s the voltage at which
the amount of power generated by the not-deteriorating fuel
cell 1 i the mitial state at the fuel supply amount Qm1l
becomes greatest. The calculation of the duty ratio 1s per-
formed by the arithmetic unit 7A.

The calculation formula for the duty ratio for making the
output voltage Vic of the fuel cell 1 the voltage Vicl 1s shown
by the following formula (3). This calculation formula 1s the
calculation formula when the DC/DC converter 9 1s a boost
converter.

Vout/Vicl=1/(1-duty) (3)

where duty represents duty ratio

The relationship between the output voltage Vic of the fuel
cell 1, the output current Iic thereof, and the amount Wic of
power generated thereby 1s described.

FIG. 7 1s a graph showing the voltage-current characteris-
tics (curve 31) of the not-deteriorating fuel cell 1 1n the 1nitial
state at a predetermined fuel supply amount (e.g., Qm1l) and
the relation (curve 32) between the power generation amount
Wic and the output current Ifc.

As shown by the curve 31 1n the figure, the output voltage
Vic of the fuel cell 1 decreases as the output current Iic
increases. In the voltage-current characteristics shown
therein, when the output current of the fuel cell 1 1s Ifcx and
the output voltage 1s Vicx, the amount Wic of power gener-
ated by the fuel cell 1 reaches the greatest value Wicx. Thus,
when the fuel supply amount 1s, for example, Qm1, the output
voltage Vic1 at which the amount Wic of power generated by
the fuel cell 1 1 the mitial state becomes greatest can be
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determined from the above voltage-current characteristics of
the fuel cell 1. Alternatively, the voltage Vicl can be mea-
sured 1n advance by using the fuel cell 1 1n the initial state. The
memory 7C for the control unit 7 stores information on the
voltage Vicl.

Next, the duty ratio calculated 1n the step S104 1s given to
the DC/DC converter 9 (step S105). Then, the output current
Iicl of the tuel cell 1 when the output voltage Vic of the fuel
cell 1 1s the voltage Vicl 1s detected by the current sensor 12
(step S106).

Thereaftter, a series of operations for switching the opera-
tion mode of the fuel cell 1 to high efficiency power genera-
tion mode 1s performed.

First, the duty ratio of the DC/DC converter 9 for making,
the output voltage Vic of the fuel cell 1 a voltage Vic2, which
1s higher than the voltage Vicl by a first predetermined rate
Prl, 1s calculated by the arithmetic unit 7A (step S107). This

calculation 1s given by the following formula (4).

Vout/ Vie2=1/(1-duty) (4)

Then, the duty ratio calculated by the step S107 1s given to
the DC/DC converter 9 (step S108). The output current Ifc2 of
the fuel cell 1 when the output voltage Vic 1s the voltage Vic2
1s detected by the current sensor 12 (step S109).

Next, the set value Qm2 of fuel supply amount and the set
value Qa2 of oxidant supply amount for high efficiency power
generation mode are calculated by the arnithmetic unit 7A
based on the set value Qm1, the set value Qal, and the ratio of
the output current Ifc2 to the output current Ifcl, and the
calculated Qm2 and Qa2 are set as the tuel supply amount Qm
and the oxidant supply amount Qa (step S110). The calcula-
tion formulas are shown by the following formulas (5) and

(6).

Om2=0mlx(Ifc2/Ifcl) (5)

QOa2=0alx(Ifc2/Ifcl) (6)

When V1ic2>Vicl, Ifc2<Ifcl as 1s clear from the curve 31
in FIG. 7. Thus, the set value Qm2 1s a value smaller than the
set value Qml. Likewise, the set value Qa2 1s a value smaller
than the set value Qal.

The set value Qm2 and the set value Qa2 are calculated
from the formulas (35) and (6), because the amount of fuel
supplied to the fuel cell (the sum of the amount of fuel sto-
ichiometrically necessary according to the load, the amount
of crossover methanol, and the amount of fuel discharged
from the fuel cell without reacting) 1s proportional to the
output current of the fuel cell. Accordingly, 1t 1s common to
control the amount of oxidant supplied to the fuel cell so that
it 1s proportional to the output current of the fuel cell.

Next, the output current Ifcr of the fuel cell 1 with the fuel
supply amount being Qm?2 and the output voltage being Vic2
1s detected by the current sensor 12 (step S111). The output
current Ifcr 1s compared with a reference value Iref for deter-
mining mild deterioration by the determination unit 7B to
determine whether the output current Ifcr 1s equal to or less
than the reference value Iref (step S112).

If Ifcr 1s equal to or less than Iref, 1t 1s assumed that mild
deterioration of the fuel cell 1 has been detected, and the
process proceeds to the step S113 and subsequent steps. IT Iicr
1s more than Iref, 1t 1s assumed that the fuel cell 1 has not
deteriorated, and the process returns to the above step S111 to
continue the operation of high efficiency power generation
mode.

Referring now to FIG. 8, the principle behind the opera-
tions of the steps S107 to S112 1s explained.
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FIG. 8 1s a graph showing the voltage-current characteris-
tics of the fuel cell, 1n which a curve 33 represents the voltage-
current characteristics of the not-deteriorating fuel cell 1 1n
the 1nitial state with the fuel supply amount set to Qml. A
curve 34 represents the voltage-current characteristics of the
tuel cell 1 1n the mitial state with the fuel supply amount set to
Qm2. A curve 35 represents the voltage-current characteris-
tics of the fuel cell 1 which has deteriorated mildly, with the
tuel supply amount set to Qm?2.

As can be seen from the comparison between the curve 33
and the curve 34, the fuel cell 1 1n the 1nitial state has almost
the same voltage-current characteristics, regardless of
whether the fuel supply amount 1s Qml or Qm2, until the
output current reaches a certain current value (in the 1llus-
trated example, Ifc2x) which 1s smaller than Ifclx (Ifclx 1s the
output current at which the amount of power generated by the
tuel cell 1 1n the mitial state becomes greatest). Thus, even
when the fuel supply amount i1s decreased from Qm1 to Qm?2,
if the output voltage Vic 1s set to a suitable voltage (e.g.,
Vic2), the output current decreases, so that the power genera-
tion efficiency 1s heightened. As such, the amount Wic of
power generated (in the illustrated example, Vic2xIic2x) can
be maintained at a value almost equal to the greatest output
(ViclxIfclx) at the tuel supply amount of Qml. Therefore, 1n
the case of the fuel cell 1 1n the mnitial state, by setting the
output voltage to the voltage Vic2 which i1s slightly higher
than the voltage Vicl at which the amount of power genera-
tion becomes greatest, it 1s possible to decrease the fuel sup-
ply amount without decreasing the amount of power genera-
tion so much. That 1s, high efficiency power generation
becomes possible.

However, if the fuel cell 1 deteriorates, the voltage-current
characteristics change as the curve 35. As a result, as 1s clear
from the graph, 11 the output voltage Vic of the fuel cell 1
remains set to the voltage Vic2, the output current Iic
decreases significantly to Ifc2y. As a result, the amount Wic
of power generation also decreases significantly. The refer-
ence value Iref for determining mild deterioration 1s set to a
value at which the supply of power to the load 11 1s prevented
from being hampered by the decrease 1n the amount Wic of
power generated by the fuel cell 1 as described above.

In setting the output voltage of the tuel cell 1 to the voltage
Vic2 slightly higher than the voltage Vicl by the first prede-
termined rate Prl, the rate Prl is preferably set to 5 to 30%.
Since the characteristics of the fuel cells 1 vary from cell to
cell, 1f Prl 1s set to less than 5%, the effect of heightening the
ciliciency may not be obtained. However, 11 Prl exceeds 30%,
the effect of heightening the efficiency 1s heightened, but the
amount Wic of power generation decreases too much. As a
result, the amount of power required by the load 11 may not
be supplied.

It 1s preferable to set the reference value Iref for determin-
ing mild deterioration to a current which 1s 3 to 20% smaller
than the output current Iicr or Ifc2 measured 1n advance using,
the fuel cell 1 1n the 1mtial state. In consideration of the
variations in the characteristics of the fuel cells 1 and the
variations in the performance of auxiliary devices (e.g., fuel
pump 5, oxidant pump 6, and DC/DC converter 9) necessary
for the operation of the uel cell system, 1f the difference
between Iref and Ifcr or Iic2 is less than 3%, a wrong deter-
mination that the fuel cell 1 has deteriorated may be made.
However, 11 the difference therebetween exceeds 20%, severe
deterioration 1s included, which 1s not mild deterioration.

If mild deterioration has been detected in the step S112
(“Yes” 1n the step S112), the fuel supply amount and the
oxidant supply amount are increased by AQm and AQa,
respectively (step S113). And, the duty ratio of the DC/DC
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converter 9 1s increased/decreased 1n a predetermined range
(step S114) to determine the voltage Vic3 at which the
amount Wic of power generated by the fuel cell 1 becomes
greatest with the fuel supply amount Qm increased by AQm
(step S115). AQm 1s a value suificiently smaller than the
difference between the set value Qm1 and the set value Qm?2.
AQa 1s a value sufficiently smaller than the difference
between the set value Qal and the set value Qa2.

At this time, a warning that the fuel cell 1 has deteriorated
mildly may be given to the user, for example, by turning on a
warning light, 11 the load 11 has a warning light using an LED
(Light Emitting Diode) or the like, or indicating an error in a
display 11 the load 11 has a display such as a liquid crystal
monitor.

Next, whether or not the voltage Vic3 1s higher than a
reference value Vref for determining severe deterioration 1s
determined by the determination unit 7B (step S116). The
reference value Vret 1s preferably a voltage that 1s 35 to 45%
of the voltage V1c2. If this ratio 1s lower than 35%, the voltage
boost ratio of the DC/DC converter 9 becomes too large, so
that the conversion efliciency of the DC/DC converter 9
decreases and the overvoltage loss may increase significantly.
On the other hand, 11 the ratio exceeds 45%, a wrong deter-
mination that the fuel cell 1 has deteriorated severely may be
made when the power generation capacity of the fuel cell 1
has not deteriorated to the extent that 1t 1s unusable.

I1 the determination result of the step S116 1s “No”, there 1s
a possibility that the fuel cell 1 has deteriorated severely, and
the process proceeds to the step S120 described below. If the
determination result of the step S120 1s “Yes”, 1t 1s assumed
that the fuel cell 1 has deteriorated severely, and the operation
of the DC/DC converter 9 1s stopped (step S121) to stop the
power generation of the fuel cell 1. And, the fuel pump 5 and
the oxidant pump 6 are stopped to stop the supply of fuel and
oxidant to the fuel cell 1 (step S122), to complete the process.
At this time, replacement of the tuel cell 1 may be indicated to
the user, for example, by turning on a warning light, 11 the load
11 has a warning light using an LED or the like, or indicating
an error in a display if the load 11 has a display such as a liquid
crystal monitor.

If the determination result of the step S116 1s “Yes”, 1t 1s
assumed that severe deterioration of the fuel cell 1 has not
been detected, and the output current Iic3 at that time 1s
detected by the current sensor 12 (step S117). Then, the
amount Wic3 of power generated by the fuel cell 1 1s calcu-
lated from Vic3 and Ifc3 (step S118).

Thereatfter, whether or not the calculated amount Wic3 of
power generation 1s equal to or more than the power Wm
required by the load 11 is determined by the determination
umt 7B (step S119). If Wic 1s equal to or more than Wm
(“Yes” 1n the step S119), the process returns to the step S101.
At this time, 1n the step S101, 1t 1s determined that deteriora-
tion has been detected in the step S112, so the process pro-
ceeds from the step S101 to the step S117 to continue the
operation of the fuel cell 1 at the voltage Vic3.

If Wic3 1s less than Wm (“No” 1n the step S119), whether
or not the fuel supply amount Qm has reached a predeter-
mined upper limit value Qmx 1s determined (step S120).

If the fuel supply amount has reached the predetermined
upper limit value Qmx (“Yes” 1n the step S120), since the fuel
supply amount cannot be increased any more, the process
proceeds to the step S121 and subsequent step to stop the
power generation of the fuel cell 1. If the fuel supply amount
has not reached the predetermined upper limit value Qmx
(“No” 1n the step S120), the process returns to the step S113.
It should be noted that when the fuel supply amount has
reached the predetermined upper limit value Qmx, even 1t
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Wic3 1s less than Wm, the operation of the fuel cell 1 at the
upper limit value Qmx can be continued unless a determina-
tion that the voltage Vic3 1s equal to or less than the reference
value Vref for determining severe deterioration 1s made in the
step S116.

As described above, the fuel supply amount and the oxi-
dant supply amount are increased by AQm and AQa, respec-
tively, within a range of the fuel supply amount not exceeding,
the upper limit value, until Wic3 reaches Wm or more. The
reason why the upper limit is set for the fuel supply amount 1s
that an increase in the fuel supply amount results 1n an
increase 1 methanol crossover (MCQO), which 1s permeation
of the fuel methanol together with water through the electro-
lyte membrane from the anode side to the cathode side. When
methanol crossover increases, the fuel burns directly at the
cathode, so that the fuel loss increases and the efficiency
decreases. Also, the cathode potential decreases. The upper
limit value Qmx for fuel supply amount i1s determined from
the above-described viewpoint. Herein, 1t 1s also possible to
cause the memory 7C to store that deterioration has been
detected 1n the step S112 and the fuel supply amount when the
Wic3 reaches Wm or more and, after the operation of the fuel
cell 1 1s stopped and when the operation of the fuel cell 1 1s
resumed, to start the operation of the fuel cell 1 at the stored
tuel supply amount.

Referring now to FIG. 9, the principle behind the opera-
tions of the above steps S112 to S122 1s explained.

FIG. 9 15 a graph similar to FIG. 8. A curve 35 represents
the voltage-current characteristics of the fuel cell 1 whose
deterioration has been detected in the step S112, with the fuel
supply amount set to Qm2, while a curve 36 represents the
voltage-current characteristics of the fuel cell 1, with the fuel
supply amount increased to a suilicient supply amount (Qm3)
within the upper limat.

As 1s clear from the comparison between the curve 35 and
the curve 36, even when the fuel supply amount 1s simply
increased from Qm2 to (Qm3, 1 the output voltage remains
unchanged from Vic2, the amount of power generation hardly
increases from (Vic2xIic2y). Ifc2y 1s the output current of the
tuel cell 1 which has deteriorated mildly, with the tuel supply
amount set to Qm2 and the output voltage set to the voltage
Vic2. Therefore, when the fuel supply amount 1s increased by
AQm 1n the step S113, the duty ratio of the DC/DC converter
9 needs to be increased/decreased 1n a predetermined range 1n
the step S114 to find the output voltage Vic3 (Vic3<Vic2) at
which the amount of power generation becomes greatest at
that fuel supply amount. In this manner, the amount of power
generation can be effectively increased according to the
amount of increase in the fuel supply amount.

As described above, according to the processes of FIG. 3
and FIG. 4, when the fuel cell 1 has not deteriorated, the
output voltage 1s set to a voltage slightly higher than the
voltage at which the amount of power generation becomes
greatest, so that the fuel cell 1 1s operated 1n high efficiency
mode 1 which the fuel supply amount 1s small. On the other
hand, 1t the fuel cell 1 has deteriorated mildly and the amount
of power generation has decreased by a predetermined
amount or more, the output voltage 1s set to the voltage at
which the amount of power generation becomes greatest, and
the fuel supply amount 1s gradually increased until the nec-
essary amount of power can be generated. If the necessary
amount of power cannot be generated even when the fuel
supply amount 1s 1increased to the predetermined upper limit
value, the operation of the fuel cell 1 1s stopped.

By the above-described processes, when the fuel cell 115 1in
the 1nitial state, the fuel supply amount can be minimized to
reduce the operation cost of the fuel cell 1. On the other hand,
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if the fuel cell 1 has deteriorated mildly, the fuel supply
amount 1s increased, according to the degree of the deterio-
ration, to such a mimmimum amount that the necessary amount
of power can be generated, so that the operation of the fuel
cell 1 can be continued while the amount of fuel consumption
1s reduced.

(Embodiment 2)

Embodiment 2 of the invention 1s hereinafter described.
Embodiment 2 1s an alternation of Embodiment 1 and 1is
different from Embodiment 1 only in the control performed
by the control unit 7. Only the difference 1s described below.

FIG. 5 and FIG. 6 are tlow charts of the processes per-
formed by the control unit of the fuel cell of Embodiment 2.
Since the process of FIG. 5 (steps S201 to S211) 1s the same
as that of FIG. 3 (steps S101 to S111), the description thereof
1s omitted.

In the steps S212 to S215 of FIG. 6, the voltage Vic3 1s set
in the same manner as the process of the steps S112 to S115
of FIG. 4.

Then, the output current Ifc3 at that time 1s detected by the
current sensor 12 (step S216). And, the amount Wic3 of
power generated by the fuel cell 1 1s calculated from the
voltage Vic3 and the current Ifc3 (step S217).

Next, the calculated amount Wic3 of power generation 1s
compared with the power Wm required by the load 11 (step
S5218), and 1f Wic3 1s equal to or more than Wm (*Yes” 1in the
step S218), the process returns to the step S201. In the step
S201, 1t 1s determined that deterioration has been detected 1n
the step S212, so the process proceeds from the step S201 to
the step S216. If Wic3 1s less than Wm (*No” 1n the step
S218), whether or not the fuel supply amount Qm has reached
the predetermined upper limit value Qmx 1s determined (step
S5220). If Qm has not reached Qmx (“No” 1n the step S220),
the process returns to the step S213. If Qm has reached Qmx
(“Yes” 1n the step S220), since the fuel supply amount cannot
be increased any more, whether or not Wic3 1s greater than
the minimum power Wmin necessary for operation of the fuel
cell system, 1.e., the power required by the auxiliary devices
necessary for operation of the fuel cell system, 1s determined
(step S219). If Wic3 1s not greater that Wmin (*No” in the step
S5219), the operation of the DC/DC converter 9 1s stopped
(step S221) to stop the power generation of the fuel cell 1.

Then, the fuel pump 3 and the oxidant pump 6 are stopped
to stop the supply of fuel and oxidant to the fuel cell 1 (step
S222), to complete the process. At this time, replacement of
the fuel cell 1 may be indicated to the user, for example, by
turning on a warning light, i1 the load 11 has a warning light
using an LED or the like, or indicating an error in a display it
the load 11 has a display such as a liquid crystal monaitor.

If Wic3 1s greater than Wmin (“Yes™ in the step S219), the
process returns to the step S216.

In this manner, the fuel supply amount and the oxidant
supply amount are increased by AQm and AQa, respectively,
within a range of the fuel supply amount not exceeding the
upper limit value, until Wic3 reaches Wm or more. Also, even
when Wic3 does not reach Wm or more, as long as Wic3 1s
equal to or greater than Wmin, power generation 1s continued.
In this manner, the charge of the power storage unit 8 can be
continued.

Herein, it 1s also possible to cause the memory 7C to store
that deterioration has been detected in the step S212 and the
tuel supply amount when the Wic3 reaches Wm or more and,
alter the operation of the fuel cell 1 1s stopped and when the
operation 1 of the fuel cell 1s resumed, to start the operation of
the fuel cell 1 at the stored fuel supply amount. When Wic3 1s
less than Wm and more than Wmin, after the operation of the
tuel cell 1 1s stopped and when the operation of the fuel cell 1
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1s resumed, 1t 1s also possible to start the operation of the tuel
cell 1 with the fuel supply amount set to Qmx.

Also, this embodiment has been described, taking the
DMEFC as an example, but 1s not limited thereto. Any fuel cell
using a power generation device similar to a cell stack can be
used for the configuration of the invention. For example, the
so-called solid polymer electrolyte fuel cells using hydrogen
as the fuel and reformed methanol fuel cells may be used.
Also, the control method of the fuel cell has been described,
taking the constant voltage control method as an example, but
the constant current control method can also be used. Further,
the DC/DC converter 9 has been described, taking the boost
converter as an example, but 1s not limited thereto. It 1s also
possible to use a buck converter, a buck-boost converter, or an
inverting converter.

[ Industrial Applicability]

The fuel cell system of the invention 1s widely useful as the
power supply system for back-up purpose and the power
supply system for various electronic devices such as personal
computers.
|[Reference Signs List]

1 Fuel Cell
5 Fuel Pump
Oxidant Pump
7 Control Unait
7a Arithmetic Unit
7b Determination Unit
8 Power Storage Unit
9 Dc/Dc Converter
11 Load
12 Current Sensor

13 Voltage Sensor
21 Anode

22 Cathode

The mvention claimed 1s:

1. A method for controlling a fuel cell system comprising:
a Tuel cell having an anode and a cathode; a tuel supply unit
for supplying a fuel to the anode; an oxidant supply unit for
supplying an oxidant to the cathode; and a current sensor for
detecting an output current of the fuel cell,

the control method comprising the steps of:

(a) setting the amount of Tuel supplied to the fuel cell by the
fuel supply unit to a second set value Qm2 smaller than
a first set value Qm1 determined based on a load;

(b) detecting an output current Ifcr of the fuel cell with the
fuel supply amount set to the second set value Qm2;

(c) comparing the output current Iicr with a reference value
Irel for determining mild deterioration to determine
whether the fuel cell has deteriorated; and

(d) 1n the case of determining that the fuel cell has deterio-
rated, resetting the fuel supply amount to a third set value
Qm3 larger than the second set value Qm?2.

2. The method for controlling a fuel cell system 1n accor-
dance with claim 1, wherein the step (a) comprises the steps
of:

(¢) setting the fuel supply amount to the first set value Qm1 ;

(1) with the fuel supply amount set to the first set value
Qml, setting the output voltage of the fuel cell to a
voltage Vicl at which the amount of power generated by
the fuel cell becomes greatest;

(g) detecting an output current Ifcl of the fuel cell when the
output voltage of the fuel cell 1s the voltage Vicl;

(h) setting the output voltage of the fuel cell to a voltage
Vic2 higher than the voltage Vicl by a first predeter-
mined rate Prl;

(1) detecting an output current Iic2 of the fuel cell when the
output voltage of the fuel cell 1s the voltage Vic2; and
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(1) determining the second set value Qm2 based on the ratio
between the output current Ifcl and the output current
Iic2.

3. The method for controlling a fuel cell system 1n accor-

dance with claim 1, wherein the step (d) comprises the steps

of:

(k) increasing the fuel supply amount by a predetermined
amount AQ);

(1) with the fuel supply amount increased by the predeter-
mined amount AQ), setting the output voltage of the fuel
cell to a voltage V1c3 at which an amount Wic of power
generated by the fuel cell becomes greatest;

(m) detecting an output current Iic3 of the fuel cell when
the output voltage of the fuel cell 1s the voltage Vic3; and

(n) comparing an amount Wic3 of power generated by the
fuel cell, which 1s determined from the results of the
steps (1) and (m), with an amount Wm of power required
by the load,

wherein when Wic3 has reached Wm, the fuel supply
amount 1s maintained, and when Wic3 has not reached
Wm, the steps (k) to (n) are repeated within arange of the
fuel supply amount not exceeding an upper limit value
Qmx.

4. The method for controlling a fuel cell system 1n accor-
dance with claim 3, further comprising the step (o) of com-
paring the voltage VIc3 with a reference value Vrel for deter-
mining severe deterioration,

wherein even when the fuel supply amount has reached the
upper limit value Qmx, 11 Vic3 does not exceed Vref, the
supply of fuel by the fuel supply unit and the supply of
oxidant by the oxidant supply unit are stopped.

5. The method for controlling a fuel cell system 1n accor-
dance with claim 3, further comprising the step (p) of com-
paring the amount Wic3 of power generation with a minimum
amount Wmin of power necessary for the operation of the fuel
cell system where Wmin <Wm,

wherein when the fuel supply amount has reached the
upper limit value Qmx, 1f Wic3 has reached Wmuin, the
tuel supply amount 1s maintained at the upper limit value
Qmx, and

even when the fuel supply amount has reached the upper
limit value Qmx, 1f Wic3 has not reached Wmin, the
supply of fuel by the fuel supply unit and the supply of
oxidant by the oxidant supply unit are stopped.

6. The method for controlling a fuel cell system 1n accor-
dance with claim 2, wherein the first predetermined rate Prl 1s
S 10 30%.

7. The method for controlling a fuel cell system 1n accor-
dance with claim 1, wherein the reference value Iref for
determining mild deterioration 1s smaller than the current Ifcr
or the current Iic2 of the fuel cell 1n an 1mitial state by 3 to
20%.

8. The method for controlling a fuel cell system 1n accor-
dance with claim 1, wherein the fuel includes methanol.

9. The method for controlling a fuel cell system 1n accor-
dance with claim 8, wherein the first set value Qml 1s set
based on the amount of fuel stoichiometrically necessary
according to the load, the amount of crossover methanol, and
the amount of fuel discharged from the fuel cell without
reacting.

10. The method for controlling a fuel cell system 1n accor-
dance with claim 1, further comprising the step (q) of 1ssuing
a warning that the mild deterioration has been detected.

11. The method for controlling a fuel cell system 1n accor-
dance with claim 4, further comprising the step (r) of 1ssuing
a warning that the severe deterioration has been detected.
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